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Abstract
One of the biggest existing problems for international users and international compa
nies is the difficulty of displaying web pages written in multiple languages. This thesis
project demonstrates a solution in which the problems of text encoding are eliminated
by representing all of the text on a page as a series of image files. The Japanese text on
several Japanese web pages was converted into glyphs, which were defined as image
files containing images of text. The glyphs were arranged on new web pages, so that
the same Japanese text can be read by any web surfer, regardless of the operating sys
tem or fonts available on his or her computer. Statistics are given to demonstrate that
the proposed method can be used to generate glyph-based web pages quickly, that
glyphs can be downloaded more quickly than other types of graphics (e.g. photographs
and computer animation), that users with Japanese-language software on their comput
ers find no significant difference between the text-based and glyph-based web pages,
and that users without Japanese-language software were able to view the glyph-based
web pages in Japanese. The new web pages are available for public download, at





One of the biggest existing problems for international users and international companies is
the difficulty of displayingWeb pages written in multiple languages. If a user wants to con
nect to a Japanese language site, the user has to have a Japanese Web browser, with Japanese
fonts installed on the computer; on most computers, the user needs, in addition, an operat
ing system localized to the Japanese language. Likewise, if a user wants to display Cyrillic or
Greek or Arabic characters, appropriate software and fonts are necessary. For most users, the
time and expense required to buy or download new fonts and system extensions for each
new language is prohibitive. Thus most users are only able to viewWeb pages written in the
character set pre-loaded on the computer; Web pages in other languages appear as meaning
less strings ofRoman characters.
This thesis demonstrates a solution in which the problems of text encoding are eliminated
by representing all of the text on a page as a series of image files. For convenience, image
files containing images of text will be
referred to in this thesis as hieroglyphs, or glyphs for
short. This thesis project describes experiments in which the Japanese text on several
Japanese Web pages were converted into glyphs, and arranged on newWeb pages, so that
the same Japanese text can be read by anyWeb surfer, regardless of the operating system or
fonts available on his or her computer.
This thesis project describes a project in which all of the Japanese-language text in an exist
ing tree ofWeb pages was converted into image files called glyphs, so that it can be dis
played on computers without installed Japanese language software.
The text on a set of existing Japanese-languageWeb pages was displayed separately from any
background and embedded images, and captured as images in both the CompuServe
Graphical Interchange Format (GIF) and the Joint Photographic Experts Group format
(JPEG)1. The captured images were laid out on two new sets ofWeb pages (one set using
GIF images, one set using JPEG images), overlaid on top of the original background images,
and appropriately interspersed with the original foreground images.
In order that the reader may better understand the motivation and significance of this work,
chapter two will review the history of some of the relevant technologies, including the inter
net, the American Standard Code for Information Interchange (ASCII) and Unicode text
representation standards, and the GIF and JPEG image representation standards. Chapter
three reviews the objectives of this thesis. Chapter four describes the methods used to cap
ture text as images, and to format newWeb pages using the captured images; special atten
tion is given to the time required to convert a text-basedWeb page into a glyph-basedWeb
page. Chapter five describes the results of both objective experiments and subjective surveys
designed to measure glyph download time, ease of use, and general user acceptance.
Chapter six summarizes the conclusions, and proposes directions for future research
Endnotes for Chapter 1
Greenspun, Philip. Philip and Alex's Guide to Web Publishing. New York, NY: Morgan
Kaufman, 1999.
Chapter 2
Review of Literature in the Field
History of the Internet
Nowadays, the Internet has become well known. People think it is new technology, but
it has been around for while. It was only used for researchers, military and government
personnel.
The ARPANET
At the beginning of the cold war, during the 1960s the United States Government was
faced with a problem: How could the United States authorities communicate with each
other in the aftermath of a nuclear attack?
Networks were linked directly at each location point-to-point. This means that if one
point in the network was destroyed, the whole network would become useless. To solve
this problem, the Department of Defense's Advanced Research Projects Agency (ARPA)
created the network called ARPANET that was a non-centralized network. This was
not like the original network which was based on a point-to-point network. Therefore
the new network would work even if one point of a network was destroyed. Another
advantage was that there are no main centers in the ARPANET network, there would
be no primary target for enemies
to destroy. The ARPANET was also intended to
encourage researchers in the United States to share super computers with each other.
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In 1969, researchers at four universities in the United States become the first hosts of
the ARPANET. They were Stanford Research Institute, University ofCalifornia at Los
Angeles, University of California at Santa Barbara and the University of
Utah.'
During the 1970's, more universities and government research centers around the
United States were connected as hosts to the ARPANET. The ARPANET was original
ly designed for researchers and government people to share data and access remote
computers, but the use of electronic mail applications caused ARPANET to become a
high-speed electronic post office. Mailing lists were developed and people were able to
send and receive massages twenty-four hours a day via electronic mail. People started
using the ARPANET not only to collaborate on research notes but also to discuss vari
ous topics of interest.
By the middle of the 1970's, the commercial version of the ARPANET went on line
and the ARPANET started to move away from its own military and research roots
towards use by the general public. As ARPANET become larger and more sophisticat
ed, a standard protocol was needed. In 1977, the protocol was invented and called
TCP/IP. This protocol lets the user in a small network connect to the main network,
ARPANET.
TCP/IP and the Internet boom
The TCP/IP (Transmission Control Protocol and Internet Protocol) protocol can be
used by any kind of computer. For this reason, it was easy for other computer networks
(university networks, corporate networks, etc.) to talk to ARPANET, and thus to each
other through ARPANET, by using TCP/IP. By the late 1970s, there were several out-
side networks linked to ARPANET. By the early 1980s, this "network of was
being called the
"Internet"
(inter = between), because it was the network which sat
between other networks, keeping them connected. In the early 1990s, several compa
nies (including BBN Corporation, UUNet Technologies, America On Line, and most
of the world's telephone companies, but especially Mass Communication Incorporated)
began building their own fiber optic
"backbone"
networks, and charging for network
access. By 1995, these networks were so large that NSFNET stopped carrying Internet
traffic, and was converted back into a research project.2
In 1981, there were 213 hosts to ARPANET. Approximately once every twenty days a
new host was added. For the first time the loose collection of networks using TCP/IP
which made up the ARPANET was seen as an
"Internet".3
In 1982, the term
"Internet"
was used for the first time. In 1983, the TCP/IP was
made a standard.
By the middle of the 1980's, the personal computer and super-minicomputer industries
had grown rapidly, making less expensive, smaller and more powerful computers each
year. Some computers came with network ready features. Because of these computers,
many companies had a chance to use the
Internet for the first time. Some corporations
started to use the Internet as a tool to communicate with each other and with their
customers.
The National Science Foundation NET (NSFNET) was started in 1985 by the United
States National Science Foundation. Basically, the NSFNET was designed to connect
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the same supercomputers and universities as ARPANET, but it was supposed to con
nect them much faster, using optical fiber cables called Tl cables which carried data at
1.5 Mbps (million bits per second). This network of high-speed optical cables was the
first "backbone (Nowadays, in 1996, any business can get a Tl Internet con
nection for about 2500 dollars/month, while the "backbone run at 50
Mbps.4) The NSFNET was so successful that in 1989, ARPANET disbanded, and most
of the equipment and cables from their system were given to NSFNET5
Internet Software
Finally, there is the question of which software uses the Internet. In the beginning, the
Internet was used mostly for e-mail, network news, remote computing (using Telnet
and other programs), and file transfers. The file transfer protocol (ftp) gave rise to a
new use for the Internet. Big databases were made available on the Internet, and any
one who wanted files from the database could log onto the net using the name "anony
and collect whatever files they wanted. Unfortunately, it was difficult to find




developed at the University ofMinnesota.
The application which really caught on, however, was the World Wide Web. The
World Wide Web is not a program, or a communication protocol, as much as it is a
metaphor. All of the information on the Internet is presented to the user as a single,
gigantic hypermedia "help
file."
The first Web programs, designed to read an extremely
simple text formatting language called HyperText Markup Language (HTML), were
posted to the group alt.
hypertext by CERN's (European Laboratory for Particle
Physics) Tim Berners-Lee in 1991. Students and staff at the National Center for
Supercomputer Applications located on the campus of University of Illinois at Urbana
Champaign picked up the idea, and rapidly developed a hypertext server program
(HTTPD - HyperText Transfer Protocol Daemon) and a fully graphical hypertext
browser program (Mosaic), both of which were made available free of charge, pre-com-
piled for most common computer architectures. These plug-and-play applications
made it easy for people to publish their own Web pages, complete with pictures and
sound. Since publishing on the Web was easy, many people and companies did it, and
since so much information was suddenly available on the Web, many consumers decid
ed to get an Internet connection. The person who wrote Mosaic at University of
Illinois was a student named Marc Andreeson, who then graduated and went on to
found Netscape. In 1995, the Internet programming language called Java was released
by Sun Microsystems. Java changed the way information and applications could be
retrieved, displayed, and used over the Internet. Between 1994 and 1996, more than
one billion dollars per year exchanged hands at Internet shopping malls, and the num
ber of computers connected to the Internet grew several hundred percent per
year.1,4
The number of Internet users is estimated to double every year. By the year 2020, it is
estimated that everyone would have e-mail address. The main cause of this Internet
user increase was the invention of the World Wide
Web.s
Representation of Text Information
8-bit Character Sets
ASCII stands for "American Standard Code for Information
Interchange."
ASCII was
adopted as the standard code for non-numerical information by a large number of
early computer manufacturers,
and thus became a de facto standard. The leading com-
petitor to ASCII was a system called EBCDIC (extended binary coded decimal) devel
oped and promoted by IBM; since most computers built by other companies could
only communicate in ASCII, IBM was eventually forced to abandon EBCDIC.
The basic ASCII set is 128 codes (7 bits of information). The reason for this is that in
old network protocols, one bit out of every eight had to be zero, in order to keep the
communication hardware synchronized.
In 1987, the International Standards Organization began issuing a set of standard
8-
bit, 256-character alphabets for the digital communication of information.7 The first
character set, called "Latin alphabet number
1"
(standard 8859-1), was designed as an
extension of the ASCII character set, with an additional 128 characters defined to
allow digital representations of non-English languages written in the Latin alphabet,
such as the German "double The Latin 1 alphabet is probably, at present, the most
widely used text encoding system in the world.
The International Standard Organization (ISO) standard "Latin alphabet number
2"
(standard 8859-2) is an extended character set designed to encode slavic languages
written in a Latin alphabet, including Czech, Slovak, Polish and Hungarian. The
Latin/Cyrillic alphabet (standard 8859-5) is a 256-character code containing all of the
standard characters used in both the Latin and Cyrillic alphabets. Similar mixed alpha
bets include the Latin/Arabic alphabet (standard 8859-6), the Latin/Greek alphabet
(standard 8859-7), the Latin/Hebrew alphabet (standard 8859-8), and the Latin/Celtic
alphabet (standard 8859-14).
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In all, the ISO issued fifteen standard 8-bit alphabets between 1987 and 1992. Each of
these alphabets represents the characters in a small subset of the world's languages
using at most 256 characters. This system is obviously inefficient for documents
intended for an international audience; in order to include, say, Greek and Cyrillic text
in a single document, it is necessary to switch somehow between two different ISO
coding schemes. Languages with more than 256 characters, including Chinese,
Japanese, and Korean, can't be encoded using any 8-bit coding system. For these rea
sons, the ISO and the computer manufacturing community began considering
double-
byte and multi-byte representations of text.
Japanese Character Sets
Standard written Japanese uses 142 phonetic characters (if diacritically-marked charac
ters are counted separately, e.g. if
"ba"
is counted separately from "pa"), and approxi
mately 2000 semantic characters. Since it is impossible to represent Japanese using an
8-bit code, standard text-encoding schemes in Japan use codes which use either a fixed
16-bit word per character (the original Japan Industrial Standards (JIS) ) or a mixture
of 8-bit and 16-bit codes (Shift-JIS and Extended Unix Code (EUC)).
Japanese text encoding schemes are generally
based on the two-byte standard codes
established by the Japan Standards Association. There are three revisions of the stan
dard: JIS 0208-1978, JIS 0208-1983, and JIS
0208-1990.8 The JIS standards encode
every character using
two bytes, but like ASCII, JIS is a seven-bit standard: the top bit
of every byte is always assumed
to be zero. For this reason, JIS might be called a 14-
bit character set.
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Documents written in Japanese often include both Japanese and Latin characters, and
programming languages usually consist of primarily ASCII characters, with Japanese
characters only in the comments. Programs containing many Latin characters may be
stored more efficiently using a multibyte representation, in which ASCII characters are
stored using one byte, and Japanese characters are stored using two bytes. There are
several multibyte character sets available, depending on the desired application.
Internal representations on both unix and Microsoft operating systems use encoding
systems which contain the entire ASCII character set as a subset. For example,
Microsoft computers use the
"shift-JIS"
representation, in which the length of a char
acter is specified by the first bit of the character: if the first bit is zero, the character is
part of the normal ASCII character set, while if the first bit is one, the character is a
16-bit representation of a Japanese character. For example, the first bit of OxlC is
zero, so OxlC is an ASCII character (in this case the character '\'), while the first bit of
0x9C is one, so 0x9C must be the first half of a two-byte Japanese
character.9
The problem with the shift-JIS system is that the second byte of a Japanese character
may be anything; for example, the two-byte
sequence 0x9ClC is a legal shift-JIS
encoding of a Japanese
character. Unfortunately, older software written in the United
States may not even consider the possibility
that characters might be two bytes in
length. An older program written in the United States might mis-interpret the code
0x9ClC as a sequence of two characters: it would not know what the first character is,
but it would
"know"
that the second character is 'V. On a DOS system, Y is used to
separate directories in a path name, so the older DOS program might mistakenly inter
pret everything after
the OxlC as a subdirectory.
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Unix computers avoid this problem by specifying a code called EUC-JP (Extended
Unix Code for Japan) in which the top bit is set in both bytes of a two-byte
character.10
Older programs written for ASCII will never mis-interpret the second byte of a two-
byte EUC character: since both bytes have the top bit set, neither the first nor the sec
ond byte is a legal ASCII character by itself. In fact, the EUC code for any Japanese
character is the same as the JIS code, but with the top bit set in both bytes: thus the
EUC code 0x9C9C would represent the same character as the JIS code OxlC1C.
EUC and shift-JIS codes are useful for internal encodings. For e-mail, however, they
have a problem: many older e-mail programs are designed for the 7-bit ASCII repre
sentation, so they may automatically set the top bit of every byte to zero. For this rea
son, it was felt that e-mail applications needed a mixed encoding of Japanese and
ASCII characters in which the top bit of every byte could be zero. The ISO-2202-JP
standard is a code shifting standard established by Request for Comment (RFC)
1468"
which has been accepted by the Internet Engineering Task Force as a Multipuropse
Internet Mail Extensions (MIME) encoding standard for multimedia Internet docu
ments. In ISO-2202-JP encoded documents, the document always starts out with text
encoded in ASCII. The encoding is then switched to one of the 14-bit JIS standards
using a special "mode-shifting The mode must be switched back to ASCII
(or to a one-byte subset of JIS) at the end of every line of text; then the mode can be
switched to two-byte codes again at the beginning of the next line.
It should be clear, from this discussion, that localizing English-language programs or
software to the Japanese language is not an easy task. There are documents on the
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world wide Web coded in JIS, shift-JIS, and EUC text codes, and the Japanese text
embedded in these documents may be encoded using the 1978, 1983, or 1990 version
of the JIS 0208 standard. In order to correctly display Japanese documents, a Web
browser must be able to correctly decode all of these standard encoding systems.
Unicode
Unicode is an international character-encoding system designed to replace
ASCII.1213 It
is a fixed-width, sixteen-bit code that represents more than 65,000 characters.14
Unicode represents nearly every language in modern use, as well as mathematical and
technical symbols, and a few ancient languages.
"The Unicode Consortium, a nonprofit organization in Mountain View, California,
was founded in 1991 to develop and promote the use of the Unicode standard. Charter
members include Apple, Xerox, IBM, Microsoft, Sun Microsystems, and Novell. The
ISO, based in Geneva, Switzerland, approved Unicode in June 1992 as the internation
al character-encoding
standard".15
The Unicode standard has significant advantages. The code makes it easy to specify
modified characters or special cases. The code also has special control characters to
handle changes in text direction within a single line of text.
There is a minor penalty for storing uniform two byte values for each character, how
ever it eliminates the confusion of overlapping-single byte code pages in which a char
acter's identity is dependent on the active code page. In contrast to multibyte character
encodings, the uniform
sixteen bit code of each character makes it easier to identify
character boundaries.
14
The amount of new software using Unicode is promising. However, converting existing
software to Unicode is arduous and in many cases not feasible. Additionally, because
Unicode's design requires that every character be two bytes long, most programs will
become larger. The converted program may also need additional memory just to oper
ate. Therefore it may take sometime before the Unicode standard becomes widely
accepted and implemented.
One of largest setbacks to Unicode being accepted is that many operating platforms do
not support it. Presently onlyWindows NT and IBM's AIX support the code.
Microsoft, by not incorporating Unicode in Window 95, caused a major setback to the
acceptance of Unicode. Nevertheless, several major platforms plan on incorporating
full support for Unicode sometime in the future. Developers can still write Unicode-
based software for a non-Unicode platform, but it would be much easier if the operat
ing system supported the Unicode standard.
Unicode has been incorporated into Sun's Web programming language, Java. It will
also soon be incorporated into HTML (HyperText Markup Language). However only
when Unicode becomes an industry-wide standard will the global-ready product design
ever be achieved. There is some slow progress in this area. According to Freytag, "The
first round of office-type application with Unicode support will be available in less
than two
years".16 The international significance of having Unicode available for users
in two years time would be substantial. For example, multinational corporations would




The 256-character Letin 1 alphabet (extended ASCII) is most likely to be in use for a
considerable period of time. Windows 95, the current Macintosh operating system and
most unix operating system will not include native support for the international
Unicode standard in the near future. The success of the World Wide Web has been the
primary force behind the incorporation of Unicode into Java, but HTML does not yet
support Unicode. As corporate strategies for operating system development releases
become more cautious and are primarily aimed at the United States convenience,
it is not unreasonable to suppose that widespread implementation of Unicode is several
years away from broad based acceptance.
The problem of displaying non-Roman alphabet characters on Latin- 1 machines with
out specialized sub-operating systems or language kits will be unsolved for the near
future.
Image Encoding Systems
Images can be encoded as bitmaps or pixel-maps of different resolutions, or they can
be compressed in some way. Different applications and different types of images
require different types of compression, so there are several image file formats in com
mon use on the Internet. Most Web browsers support the GIF (Graphical Interchange
Format, a trademark of CompuServe) and JPEG (Joint Photographic Experts Group)
formats, as well as one or more bitmap formats which may depend on the operating
system of the computer, so an image-basedWeb page should generally be presented in
either GIF or JPEG format.
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There are several types of pixel-map image formats available, including the Macintosh
PIC format, the Microsoft BMP format, the XI 1 Consortium's XBM format, and the
unix portable pixelmap
format.17 All pixel-mapped images are represented as a series of
points, called pixels (picture elements), which are usually ordered in a rectangular grid
scanned from left to right, and from top to bottom (although the scanning order varies
depending on the file format). Each pixel is represented by either one integer (for a
grayscale image) or a vector of three integers (for a color image). The maximum possi
ble size of the integer pixel values determines the color depth. Typical color depths
used on the Internet vary between 1 bit (for a black-and-white
"bitmapped"
image, as
in the XI 1 Bitmap format) and 24 bits.
The CompuServe GIF format compresses image files using a type of run-length cod
ing. Regions of similar color in an image are set to be exactly the same color, and the
image file stores information about the color and boundaries of each such homogenous
region. The GIF file format can represent an image with at most 256 distinct colors.
The GIF format is useful for pictures with few colors, including line
drawings.18
The JPEG format is an open standard for the compression of digitized photographs,
proposed by the Joint Photographic Experts
Group." The JPEG format compresses a
pixel map by smoothing off the edges inside small 256-pixel blocks. Files compressed
using JPEG generally
look better than files compressed using GIF if the original image
is a smoothly varying scene,
such as a landscape photograph, but JPEG generally looks
worse than GIF if the original has many sharp edges.
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An alternative file format which is not yet implemented in manyWeb browsers, but
which may be soon, is the Portable Network Graphics (PNG) standardized format pro
posed by the WorldWide Web
Consortium.20 PNG was proposed as a non-patented
alternative to GIF, and has many of the same features, but PNG can represent more
colors than GIF. PNG also allows explicit specification of the photographic gamma, so
that it is possible for a display program to reproduce images with the same color inten
sity as the original; independent specification of gamma is not possible in
either the
JPEG or GIF formats.
18
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Chapter 3
Statement of the Problem
These past few years the Internet has become one of the most rapidly growing of infor
mation media. The Internet needs continued improvement to meet all the needs of all
users.
The Internet has changed people's life styles. By using the Internet, people can research
or even shop from home using a computer. The Internet user can go anyplace in cyber
space to research or to get information. But if a user on a Latin- 1 computer (typically,
any computer sold in the United States orWestern Europe) goes to a non-Roman
alphabet language site, the user cannot understand the information, because the com
puter is not capable of displaying non-Roman characters. Instead of correctly display
ing the non-Roman characters, the computer simply interprets and displays each byte
on the page as the corresponding character in the
Latin- 1 character set, thus converting
meaningful non-Roman text into a meaningless stream of Roman characters, as shown
on the Web page in Appendix A. Thus, even if the user understands multiple lan
guages, he or she is unable to read Web pages in those languages, because of limita
tions in the software.
In order to view multiple languages on a single computer, the user needs to install
multiple language kits or multiple
"localized"
versions of the operating system. Using
20
21
multiple copies of the operating system requires a huge amount of disk space; typically,
each version of the operating system must be stored on a separate hard disk partition,
so that the available space on the hard disk is quickly used up. In addition, if the user
wishes to switch from one version of the operating system to another, he must reboot
the computer. Naturally, it is usually not practical to reboot the computer just because
you want to look for a piece of information on a Japanese Web page.
Unfortunately, installing multiple language kits under a single operating system is also
often not practical. First, many operating systems do not even support multiple lan
guage kits. Those operating systems which support multiple language kits often run
more slowly and less reliably with multiple language kits installed.
Finally, for most users, the time and expense required to purchase, download, and
install multiple language kits is prohibitive. In order to correctly viewWeb pages in all
the languages of the world, at least twenty different language kits would be necessary
(there are fifteen different ISO-standard 8-bit character codes, and none of the 8-bit
codes covers Japanese, Chinese, Korean, or Thai). It is difficult to imagine a user will
ing to spend money and time to buy twenty different language kits; most of the
world's computers, therefore, do not correctly display foreign-language Web pages.
Computers sold in countries which do not use the Latin- 1 character set will usually
display both the native character set and the
Latin- 1 character set pretty reliably, but
there are still problems. First, getting such a computer to display some other character
set (for example, getting a Japanese
computer to display an Arabic character set) is at
least as difficult as getting a
Latin- 1 computer to display the same character set.
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Second, non-Latin- 1 versions of most operating systems come out months or years
after the Latin- 1 versions, and are more expensive than the Latin- 1 versions. Third,
many application programs are never ported to non-Latin- 1 character sets, and using
an unported application on a non-Latin- 1 computer can result in bizarre and buggy
behavior.
Finally, there are some software programs that translate other languages into English.
If these translation programs worked reliably, it could be argued that we would have no
need to display multiple languages on a single computer; if a user wants information
written in Japanese, he would be able to have it translated into something that both he
and his computer could read. Unfortunately, automatic translation is still pretty buggy;
even the manufacturers only advertise a "correct
translation"
rate of about 70-80 per
cent.
The goal of this thesis project is to test the use of images as replacements for ASCII
characters for languages not written using the
Latin- 1 character set. As a test case, a
Japanese-language Internet site was developed which can be viewed, in Japanese, by
users who do not have a Japanese operating system (or Japanese language kit) on their
computers. Chapters four and five of this thesis describe experiments designed to
show that:
1 . Any computer system using a Latin alphabet can be made
to display non-Latin
alphabets through the use of glyph image files.
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2. Multilingual Web surfers (in this case, speakers of both Japanese and English) can
browse Web sites in many languages (or even Web pages with many languages on the





AWeb page has been created in which all of the Japanese text is represented by glyphs,
which are defined to be image files containing images of text. Different image file for
mats have been tested, in order to find a file format which can be downloaded relative
ly quickly, but which also has sharp and legible text. This chapter describes the meth
ods used to convert text into glyphs in different image formats, and to format the
glyphs on Web pages for public download.
Original Materials
The Web pages created for this project are copies of Japanese languageWeb pages
already available to the
author. A total of twenty five pages were imaged, including
almost all of the hierarchy ofWeb pages reachable below the Computer Pop for U page
at
http://www.kcg.ac.jp/35event/index.html1 (this page is mirrored at
http://www.kcg.edu/eventl/index.html, and is also shown in Appendix B of this the
sis). The Japanese text on most of these pages is coded using the ISO-2202-JP coding
standard (one page is coded using shift-JIS), and all
of the pages are impossible to read
on any





Web pages in the Computer Pop for U hierarchy were displayed on a freeBSD worksta
tion,2
using the Japanese language version of Netscape Communicator 4.0 for freeBSD.
As a first step in image capture, the entire visible Web page was captured directly from
the screen using the Grab feature ofXV
3.10a.3 The XV control panel and
"grab"
panel are shown in Appendix C. Pressing
"grab"





on the lower panel, the user can grab a window
with a left mouse click, or grab a rectangular region from anywhere on the screen using
the middle mouse button of a three-button mouse.
Web pages too long to be viewed all at once were captured in several consecutive screen
shots, with the consecutive screen shots arranged so that each paragraph of text was
shown unbroken on at least one screen shot. Since captured images are harder to resize
than text, most of the Web pages were captured after setting the Netscape Navigator
window to a width of 610 pixels, so that users of a standard 640x480 VGA monitor
will not have to scroll right and left to view the page.
The full-page, formatted screen shots were then cropped at the edges of each paragraph
of Japanese text, in order to create two-color images containing nothing but text. The
resulting glyph images
were saved in both GIF and JPEG file formats. JPEG files were
initially saved with quality ratings of 75 percent, 50 percent, and 25 percent, but blur
ring of the text
was already visibly annoying
at 50 percent, so all of the statistics quot
ed in this article use JPEG with a 75 percent quality rating. A total of 164 glyph files
were created, as shown in Table 1 .
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Table 1 shows the total number of glyph files per Web page, the total size of the glyphs
on a Web page, and the total download time over a 28.8 kbps modem. The "down
load
time"
of each image file is calculated by dividing the file size, in kilobytes, by the
download speed in kilobytes of a 28.8 kbps modem, which is 28.8/8=3.6 kilobytes per
second.
As shown in Table 1, the JPEG version of a glyph file, stored with a 75 percent quali
ty rating, is three to five times larger than the equivalent GIF file. Even at a quality
rating of 25 percent, with barely legible text, JPEG glyph files are larger than equiva
lent GIF files. This is as predicted by
Greenspun,4
who claims that the GIF format is
efficient for storing images which are painted using a limited palette of colors, such as













Index (13) 13.0 5 46.1 55
Cm/index (22) 17.4 10 105.1 66
Quiz/goods (12) 40.0 10 222.9 100
Quiz/index (6) 8.3 7 42.3 100
Station/index (12) 13.6 8 27.5 80
Student/index (6) 12.3 4 44.4 108
Student/jnp3D
Index (5)
31.8 3 94.6 120
Student/tikitiki/
tikitikiTank11 /index (2)
2.0 4 6.7 180
Student/tikitiki/
tikitikiTank2/index (24)
94.6 12 262.5 63
Student/tikitiki/
tikitikiTank3/index (1)
0.7 1 1.9 180
Topic/cs (9) 10.5 6 25.5 87
Topic/livenet (10) 17.9 8 127.5 87
Topic/staff (7) 9.2 7 20.0 129
Topic/wcpu (5) 13.8 8 103.2 132
Topic/wnew (7) 20.8 1 156.8 34
Topic/overseas (11) 8.5 6 41.6 60
Topic/boston (3) 4.3 6 19.5 200
Topic/china (3) 8.2 2 43.5 120
Topic/ganna (3) 6.0 1 29.3 80
Topic/ginba (3) 5.7 3 27.7 120
Topic/kenya (4) 11.5 1 61.8 80
Topic/peru (3) 5.4 3 25.7 120
Topic/po (3) 8.6 2 44.8 100
Topic/ro (5) 5.5 8 12.1 165
Topic/thai (3) 8.5 1 43.5 80
Average (6.8) 15.1 5.1 65.46 105.8
Standard Deviation (5.5) 18.7 3.3 66.09 41.9
Table 1 : Glyph files perWeb page
On the Web pages in this hierarchy, the total size of other graphics on the page
(including photographs, icons, and computer animation) is often larger than the total
size of the glyphs, so that converting the page
from text to glyphs has a relatively small
impact on download time. This is demonstrated in Table 2, which shows the total size
of non-glyph graphic files included as either background or foreground image files on
each of the converted pages.
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The total size of a whole-page GIF image of each Web page, including both text and
graphics, is given in Table 2. Notice that, in many cases, the whole-page GIF image
file is considerably larger than the sum of all of the text and graphic image files on the
page. It is reasonable that the whole-page image should be larger than the sum of all
of the included image files, since the whole-page image must represent all of the
included images, and all of the HTML layout formatting, using a single colormap and









Index (13) 14.1 41.7 91.2
Cm/index (22) 17.4 14.3 118.1
Quiz/goods (12) 40.0 46.2 281.1
Quiz/index (6) 8.3 23.5 101.2
Station/index (12) 13.6 93.7 542.6













Topic/cs (9) 10.5 70.5 234.2
Topic/livenet (10) 17.9 39.3 96.1
Topic/staff (7) 9.2 72.0 311.0
Topic/wcpu (5) 13.8 8.3 64.1
Topic/wnew (7) 20.8 9.7 61.0
Topic/overseas (11) 8.5 9.8 27.2
Topic/boston (3) 4.3 14.9 30.8
Topic/china (3) 8.2 23.8 41.7
Topic/ganna (3) 6.0 21.9 43.2
Topic/ginba (3) 5.7 31.3 40.6
Topic/kenya (4) 11.5 34.3 46.6
Topic/peru (3) 5.4 32.6 38.3
Topic/po (3) 8.6 25.1 43.3
Topic/ro (5) 5.5 44.3 62.9
Topic/thai (3) 8.5 13.5 39.5
Average (6.8) 15.1 29.8 113.5
Standard Deviation (5.5) 18.7 23.0 125.8
Table 2: Image and glyph file sizes
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Web Page Formatting
The original text-based Web pages were converted to glyph-based Web pages by using
Netscape Page Composer to replace each block of text with a pointer to the appropri
ate glyph image file. The program
"wwwis"
was used to fill in the correctWIDTH
and HEIGHT tags for each image, so that the viewer's browser can lay out the Web
page correctly before all of the images have been
downloaded.4 The resulting
glyph-
based Web pages were viewed using Netscape in order to confirm that the
glyph-based
and text-based pages have similar formats.
Most of the glyphs were images of single paragraphs or single lines of text, and none of
the glyphs included more than one hyperlink. Hyperlinks were therefore tied to the
entire glyph image, rather than just the key words; a user who clicks anywhere on the
glyph image is taken to the address of the highlighted hyperlink text. Since the com
puter views a glyph as a regular image file, while the reader presumably views a glyph
as a paragraph of text, hyperlink placement revealed some unusual formatting prob
lems. Specifically, most browsers place a colored border around any image hyperlink,
which is distracting to a person who thinks the image is a paragraph of text; this
col
ored border was eliminated using the HTML tag
BORDER=0.
Conversion from Text to Glyphs: Efficiency Considerations
Companies interested in publishing glyph-based
Web pages will first want to know
how long it takes to create a
glyph-basedWeb page. For that reason, statistics are
given in Table 3 for the creation of the twenty five example Web pages. Statistics are
given only for the
creation of GIF-based Web pages; the time to create a JPEG
glyph-
based page would be similar, but can be reduced somewhat if
both GIF and JPEG
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pages are created at the same time. All per-page statistics are rounded off to the near
est minute, and are therefore not necessarily very precise.
The second column ofTable 3 shows the amount of time required to capture and crop
all of the glyphs on a page and save them in GIF format. The third column shows the
amount of time required to reformat the Web page to include glyphs in place of text.
The fourth column shows the total glyph-page creation time for each page. The last
column of the table shows the time required per glyph, in seconds, on each of the
pages; this entry is calculated by dividing the total time for each page (column 4) by
the number of glyphs on the page (column 1, in parentheses). The bottom two rows
of the table show the average and standard deviation of each of the columns. The
average of the last column is 90.8 seconds, but ifwe divide the average time per page
(9 minutes) by the average number of glyphs per
page,5,6
we get an "average time per












Index (13) 12 5 10 50
Cm/index (22) 12 10 21 63
Quiz/goods (12) 7 10 19 95
Quiz/index (6) 3 7 9 90
Station/index (12) 7 8 15 75
Student/index (6) 3 4 8 96
Student/jnp3D
Index (5)
2 3 5 100
Student/tikitiki/
tikitikiTankl 1/index (2)
1 4 5 150
Student/tikitiki/
tikitikiTank2/index (24)
10 12 22 60
Student/tikitiki/
tikitikiTank3/index (1)
1 1 2 120
Topic/cs (9) 5 6 12 80
Topic/livenet (10) 4 8 12 80
Topic/staff (7) 7 7 14 120
Topic/wcpu (5) 2 8 10 120
Topic/wnew (7) 2 1 3 26
Topic/overseas (11) 4 6 10 55
Topic/boston (3) 3 6 9 180
Topic/china (3) 3 2 5 100
Topic/ganna (3) 2 1 3 60
Topic/ginba (3) 1 3 5 100
Topic/kenya (4) 2 1 3 60
Topic/peru (3) 2 3 5 100
Topic/po (3) 2 2 4 80
Topic/ro (5) 2 8 10 150
Topic/thai (3) 2 1 3 60
Average (6.8) 3.9 5.1 9.0 90.8
Standard Deviation (5.5) 2.9 3.3 5.8 35.5
Table 3: Time required to create each of t le glyph-basedWL.b page
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Summary
The HTML document trees described above are available for public download. The
original text-based Web pages are available at http://www.kcg.edu/eventl/index.html.
The GIF-formant glyph-based Web pages are available at
http://www.kcg.edu/event2/index.html. The JPEG-format glyph-based Web pages are
available at http://www.kcg.edu/event3/index.html .
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Chapter 5
Evaluation of the Glyph-Based Pages
In order to evaluate the ability of users to navigate and read the glyph-based Web
pages, a user interaction experiment was conducted at Kyoto Computer Gakuin (Kyoto
School of Computer Science, Kyoto, Japan). This section reports the methodology and
results of the experiment.
Methods
Students, staff, and other volunteers were recruited at the Kyoto Computer Gakuin
(KCG) to participate in an ease-of-use experiment. Some of the volunteers were rela
tively naive computer users, and some had many years of internet experience, but all
volunteers had some experience with basic computer user interface. Volunteers were
given the following list of questions, and asked to find the answers as quickly as possi
ble by browsing through a specified HTML document tree. The questions given to
volunteers were:
1 . What was the name of the event which KCG sponsored on May 4 of this year
at the Kyoto station Muromachi plaza?
2. What time did the event start? What time did it end?
3. Where was the
"Cybernation"




4. KCG co-sponsored the event with a radio station. What was the name of the
radio station?
5. Write the names of a few of the people who staffed the cyberstation event.
6. In connection with the May 4 event, KCG offered an on-line quiz. Name six of
the prizes.
7. What band played at the Muromachi plaza event?
8. KCG has sent students and instructors to several foreign countries to support
computer education in those countries. What are the countries?
9. Please name some of the KCG TV and radio commercials which you can listen
to over the internet.
10. How many student-written programs are listed on the "KCG and
what are the names of the programs?
Fifteen volunteers were given the original text-based tree to browse, and fifteen were
given the GIF-format glyph-based tree to browse. Volunteers were scheduled in twen
ty-minute slots on a personal computer (PC) or Macintosh. The Netscape cache was
cleared after every volunteer, so that each volunteer would be required to download all
of the desired Web pages from the server.
Ease of Use: Quantitative Measures
Volunteers for the ease-of-use experiment were asked to answer the ten questions listed
above as quickly as possible, using
the provided HTML document tree. Fifteen volun
teers were given the original text-based document tree, and fifteen were given a GIF-
encoded glyph-based document tree. Their answers to the quiz were graded, with par-
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tial credit given for partially correct answers. Table 4 lists the number of correct
answers per question for students in each group. Group A answered the questions
using a tree ofWeb pages coded using Japanese text; group B used a tree ofWeb pages






















Table 4 : Correct Answers per quiz question.
Ease of Use: Survey Results
After answering the speed quiz,
participants in the ease-of-use experiment were asked
to either agree or disagree with the statements listed in Table 5. Volunteers marked a
seven-point scale between 1 (agree strongly) and 7 (disagree strongly.) Fifteen volun
teers responded to the text-based HTML documents, and fifteen volunteers responded
to the glyph-based HTML documents.
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Servey Question
Text-Based HTML users Glyph-Based HTML users
Averages Std. Dev. Average Std. Dev.
1 . These web pages take longer to
download than normal web pages.
5.8 1.2 4.7 1.5
2. I found the layout of text and
graphics to be confusing.
5.0 1.1 5.1 0.9
3. It was easy to find the
hyperlinks.
2.8 1.8 4.4 2.7
4. Text sometimes shows up as
strange meaningless characters,
instead of legible Japanese.
4.2 2.6 5.6 2.2
5. The Japanese text is sometimes
fuzzy and hard to read.
5.5 1.5 4.7 1.4
6. Some of the pictures were not
found, and the browser displayed
an icon instead of the missing
picture.
5.3 1.4 5.0 2.2
7. It was easy to find the answrers
to the speed quiz questions.
4.3 1.5 3.1 2.2
8. I thought these web pages were
easier to use than normal web
pages.
3.0 0.9 2.7 1.0
Table 5: Opinion survey ofWeb page users
There were small differences between the experience reported by group A and the expe
rience reported by group B, but it should be noted that the variability within each
group was much
larger than the small differences reported between groups. Group A
was more likely to find strange characters in the text (question 4), and group A was
able to find the hyperlinks more easily (question 3). Group B had slower download
times (question 1), and the text was more likely to be fuzzy and hard to read (question
5), but group B found the Web
pages to be slightly easier to use and better-designed




After answering the survey questions above, volunteers were allowed to view both kinds
ofWeb pages (the "Group
A"
pages, which used Japanese text encoding to represent
text, and the "Group
B"
pages, which used glyph images to represent text), and were





pages was not described to volunteers,
so some of their experiences may reflect variability in network congestion, or other
kinds of variability unrelated to the actual Group A/Group B differences. For example,
one of the subjects claims that the pictures took longer to load for Group B pages, but




1 . Cyberstation screen came up quickly. The icon beforehand took a bit long.
2. The first thing I noticed was slow access (A is faster). But I couldn't see the charac
ters on the overseas page. Once I had seen a page, it was easy to bring it up again.
The "From
Overseas"
page had altered characters, which was annoying. It should be
fixed.
3. B feels a little slower.
4. This is a comparatively easy-to-use home page, I think.
Group B Comments
1 . B feels a little slower than A, but I think it's still totally OK.
2. A was a little faster, but I had no trouble with B. Faster is better.
3. A was three times faster than B (especially the pictures).
Chapter 6
Summary and Conclusion
This thesis project describes a method for including Japanese text on Web pages so that
it can be seen on computers which do not have Japanese fonts or Japanese display soft
ware installed.
Uses and Usefulness of the Methods in this Thesis
It might be argued that the advent of Unicode will make the work in this thesis obso
lete; when all of the computers in the world understand Unicode, one might think that
all computers will be able to display any human language without extra effort.
Unfortunately, this is not the case. First, even when all new computers understand
Unicode, there will still be many older computers in use which do not understand Uni
code. Second, just because software understands Unicode does not mean that it can
display all of the Unicode characters on screen. In order to display all of the characters
in the Unicode character set, a computer must have fonts available for all of those char
acters, which would require a huge commitment of disk space. Preliminary reports
suggest that most Unicode fonts will only be partial fonts, covering a limited subset of
the possible Unicode
characters.1It is quite possible that a user in the United States
might log on to a Japanese Web site using a program which is perfectly able to inter
pret Unicode or JlS-based characters, but which is unable to display the Japanese text,
because the computer does not have any Japanese fonts installed.
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With the method proposed in this thesis, a Web site designer can create a Japanese-lan
guage Web site which can be viewed by any user, anywhere in the world, regardless of
the fonts that user may have installed on his computer. The method is simple: the
Web site designer converts each block of uninterrupted text into an image (a "glyph"),
and positions the image on the page in place of the text. Statistics are presented to
show that the conversion of an existing Web page into a glyph-based representation
only requires about nine minutes per page: about four minutes to image the text, and
about five minutes to reformat the HTML. Using an efficient GIF representation, the
average size of the glyph images (15K) was half of the average size of all other images
on the page (30K). Users of the glyph-based Web pages were slightly more likely to
notice long download times, but they were also slightly more likely to enjoy reading
the Web page; in both cases, differences between the two groups were much smaller
than the differences between individual users.
Future Work
The method proposed in this thesis allows a Web designer to display text on a comput
er which does not have the required fonts by essentially bypassing the HTML stan
dard: instead of coding text using
standard HTML, the Web designer codes text in an
image, which is downloaded separately for each Web page.
This gives aWeb designer
better control over the appearance of his Web pages, but at the cost of portability: the
glyphs you create for one Web page don't help you to make the otherWeb pages on
your Web site.
A natural extension of the work in this thesis
would be a system which allows each
Web designer to publish the font file which he would
like viewers to use when they
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look at his Web pages. In this system, text on Web pages would be included as text,




<font face="MyType,MyFont">This is a test in the MyFont font.</font>
The problem with the existing
"font"
tag is that, if the user's computer does not have
the font "MyType,
MyFont"
installed, it tries to display the text in some default font.
If the text is not in English, the display will often fail, because the default font is usu
ally an English font. A better solution would be to allowWeb publishers to specify a





test in the MyFont font.</font>
The Web designer would then publish the MyFont. tt file in the specified directory.
When a browser program downloads his Web page, the browser program would notice
that it does not have the MyFont. tt file, so it would download the font, and store it in
the browser cache. Then, from that time on, until he clears his browser cache, the user
would be able to download and view anyWeb page written in the MyFont font just as
quickly as if the
page was written in English.
From the point of view of the Web designer, this method would solve all of the same
problems solved in this thesis, but with much more portability. With this method, the
43
Web designer can define any unusual characters he needs in his documents, and
include them in the font file. The characters do not need to be characters in a com
mon language, or even in any existing language; the Web designer could even make up
a language with its own writing system, if he wants to. Once he has created the font
file, all of the other Web pages on his Web server can be written, stored, and edited if
necessary as if they were simple English text (coded in ASCII if the number of charac
ters is small, or in Unicode if the number of characters is large).
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aiman 10133 Fri Jul 17 07:52:43 1998
alwan 600 Fri Jul 17 07:52:22 1998
alwan 5341 Fri Jul 17 07:52:07 1998
aluian 2077 Fri Jul 17 07:51:47 1998
alwan 3435 Fri Jul 17 07:51:24 1998
alwan 2306 Fri Jul 17 07:50:47 1998
alwan 9221 Fri Jul 17 07:50:24 1998
alwan 9919 Fri Jul 17 07:49:51 1998
alwan 1238 Fri Jul 17 07:49:35 1998
alwan 3684 Fri Jul 17 07:48:47 1998
alwan 4540 Fri Jul 17 07:48:23 1998
alwan 1350 Fri Jul 17 07:47:58 1998
Listing from the Unix Filesystem, showing creation times of 12 glyph files.
